Abstract: INTRODUCTION We tested the hypothesis that whole body vibration (WBV) is insufficient to expand satellite cell (SC) numbers 24 h post exercise, whereas WBV in combination with blood flow restriction (BFR) is. METHODS Twenty-five young men were randomly assigned to one of three groups: WBV, BFR exercise or WBVBFR. SC numbers were determined from muscle biopsies of the vastus lateralis using immunohistochemistry. RESULTS SC quantity and frequency (+99.38%, P = 0.012 and +77.1%, P = 0.010, respectively) only increased in the WBVBFR group. Similar results were obtained for the quantity and frequency of myogenin+ myonuclei (+139.0%, P < 0.001 and +148.4%, P < 0.001, respectively). CONCLUSION We conclude that modification of WBV by superimposing BFR induced activation and differentiation of SC in young men, all of which had not been observed with WBV or BFR alone. These data suggest that WBVBFR might represent a novel viable anabolic stimulus. This article is protected by copyright. All rights reserved. This is an Accepted Article that has been peer-reviewed and approved for publication in the Experimental Physiology, but has yet to undergo copy-editing and proof correction. Please cite this article as an Accepted Article; doi: 10.1113/EP085330. This article is protected by copyright. All rights reserved. 
Introduction
Whole body vibration (WBV) has long been suggested as an alternative training modality. However, despite some evidence that a single bout of WBV can cause a transient potentiation of muscle power, it remains inconclusive whether multiple bouts of WBV over several days and weeks can lead to sustained neuromuscular adaptations with longer-lasting increases in muscle power and force. In fact, some studies found that longer-term WBV (vibration frequency: 25-40 Hz, amplitude: 2.5-3.4 mm) can cause gains in knee extensor torque, countermovement jump power, and jumping height in young healthy individuals (Delecluse et al. 2003; Torvinen et al. 2003) , comparable to those observed after resistance exercise, but others have not (Cochrane et al. 2004; Torvinen et al. 2002) .
Where it was assessed, the increase in muscle power was paralleled by an increase in muscle mass (Bogaerts et al. 2007) or fat free mass (Roelants et al. 2004) . However, these studies were conducted with elderly men and untrained women, respectively. For young healthy active individuals, there is no convincing evidence that long-term WBV can effectively increase muscle mass or muscle fibre crosssectional areas (CSA). Accordingly, it has been argued that muscle hypertrophy is unlikely to occur after WBV in young healthy individuals (Pollock et al. 2010) . The reason for this lack is that at the highest amplitude and frequencies of vibration, the greatest muscle activity is similar to that during fast walking (~1. Skeletal muscle fibre hypertrophy is defined as an increase in muscle fibre volume, with or without the addition of myonuclei. This process is primarily driven by the accretion of myofibrillar proteins, which are arranged into sarcomeres that are aligned in parallel (defining fibre CSA) and in series (defining fibre length). The cellular mechanisms underlying myofibre hypertrophy include increases in translational efficiency and/or translational capacity. Furthermore, myofibre hypertrophy largely depends on transcriptional capacity, which in turn results from increases in myofibre DNA content through the addition of myonuclei. Therefore, the number of myonuclei is a critical determinant of protein synthesis capacity by supplying the amount of DNA which is necessary to sustain gene transcription (Favier et al. 2008 ).
Within the multinucleated skeletal muscle fibre, each myonucleus regulates gene transcription and subsequent protein synthesis over a finite volume of cytoplasm (Cheek, 1985 hypertrophy following fusion, and act as markers for the anabolic potency of the training stimulus in terms of hypertrophy (Bellamy et al. 2014) .
In this study, we hypothesized that WBV is ineffective in stimulating SC in healthy young active men.
Given that WBV leads to intensities comparable to those during low-intensity exercise and that low- biopsies were taken from the vastus lateralis muscle to analyse the SC response to exercise.
Methods

Participants
The study was approved by the ethics committee of the canton Zurich (Switzerland) and was conducted in accordance with the Declaration of Helsinki. Twenty-five recreationally active males volunteered to participate in this study. Participants were assigned to one of three intervention groups (either WBV, BFR or WBVBFR), matched for anthropological constitution (Table 1) . They were involved in team or individual sports and performed 2-3 exercise sessions per week, of which at least one training sessions involved structured resistance exercise. All participants had been engaged in these activities on a regular basis for at least one year prior to the study. The resulting number of participants was n = 8, n = 9 and n = 8 for the WBV, BFR, and WBVBFR group, respectively.
Participants were fully informed about the purposes, benefits and risks associated with this intervention and completed a routine health questionnaire before giving written informed consent to their participation in this study.
Experimental procedures
The study consisted of baseline measurements of anthropological variables, a baseline muscle biopsy, one acute intervention (consisting of either a static half-squat with WBV, a static half-squat with BFR, or a static half-squat with WBVBFR), and a biopsy 24 h after the intervention.
Acute training intervention
All participants were asked to support a static half-squat position in a flexed knee angle of 135° (180°:
knees fully extended). The knee angle was consistently checked using a manual goniometer. The feet were placed to the width of the pelvis and remained parallel. The WBV group performed the static half-squat exercise standing on a Galileo ® vibration plate (Novotec, Pforzheim, Germany) oscillating at 30 Hz with an amplitude of 2.56 ± 0.42 mm. In the BFR group, tourniquet cuffs (0.09 m width, 076 m length; VBM, Sulz a.N., Germany) were affixed to the inguinal fold region of the participant's thigh and inflated to 200 mmHg (26.7 kPa) while performing squat exercise. Participants in the WBVBFR group performed the static half-squat exercise using WBV and BFR. For all groups, one duty cycle consisted of 4 min static half-squat and 3 min resting. This duty cycle was repeated three times. In the resting period, the cuffs were deflated to 100 mmHg (13.3 kPa) for 1 min and then deflated to 0 mmHg for the remaining time (BFR and WBVBFR groups only). lateralis muscle almost 18 cm proximal to the patella, approximating the midline of the quadriceps muscle group. The second biopsy was performed at a distance of 1-2 cm proximal or distal (randomly assigned) to the baseline biopsy site. Generally 100-150 mg of muscle tissue was obtained from each biopsy.
Muscle biopsy sampling
Muscle biopsy analyses
Transverse consecutive serial sections (8-10 μm) of the embedded muscle biopsy specimen were cut at −22 °C using a cryostat (Leica CM 3050 S, Solms, Germany) and were mounted on Fisherbrand Superfrost/Plus microscope slides (Fisher Scientific, Pittsburgh, PA, USA). The serial cryocut crosssections were stained using the myofibrillar adenosintriphosphatase (mATPase) method at pH 4. 
Statistical analysis
Data are presented as mean values ± standard deviations (SD). Normality of data was visually ascertained by Q-Q-plots. Baseline values between the training groups were analysed with a one-way analysis of variance. For the detection of significant differences between groups over time, a univariate general linear model was applied. For this analysis, the differences acute-baseline (%) of each variable was compared between the groups. Significant differences within groups from baselineto acute-intervention were displayed by parameter estimates. This analysis tested the null hypothesis that Δ parameter was 0. If Δ parameter had a P-value lower than the level of significance, the null hypothesis was rejected meaning that Δ parameter was significantly different from 0. The level of significance was set at P < 0.05. All statistical analyses were performed using the software SPSS Statistics 20.0 (SPSS, Chicago, IL, USA).
Results
Muscle fibre cross-sectional area, myonuclear number and myonuclear domain
CSA did not differ between groups at baseline (Table 2) . Likewise, the number of subsarcolemmal myonuclei was not different at baseline either (Table 2) . Accordingly, no differences in the MND were observed at baseline between groups (Table 2) .
Muscle fibre distribution
At baseline, MyHC-1 proportion was significantly higher in the BFR-group compared to the WBVgroup (P = 0.035, Table 3 ). No further statistical differences were present for MyHC fibre distribution between intervention groups.
Baseline SC quantity and frequency
The SC quantity and frequency per all myofibre type was not different at baseline between groups ( Fig. 2A, D) . In addition, when expressed per fibre type, the SC quantity and frequency did not differ at baseline between groups, either (for SC quantity, Fig. 2B , E; for SC frequency, Fig. 2C, F) .
Acute increases in SC quantity and frequency
The SC quantity per all myofibre remained unchanged in the WBV and BFR group ( Fig. 2A) , while it increased in the WBVBFR group (P = 0.002; Fig. 2A ). Furthermore, when expressed per fibre type, SC quantity increased in the WBVBFR group only [P = 0.016 and P = 0.002, for MyHC-1 (Fig. 2B) and MyHC-2 ( Fig. 2C) , respectively]. There was no corresponding between-group difference in
MyHC-fibre type-specific SC quantity ( Fig. 2A) . The SC frequency per all myofibre did not change in the WBV and BFR group (Fig. 2D) . SC frequency per all myofibre increased in the WBVBFR group (P = 0.010; Fig. 2D ). Fibre type specific SC frequency did not increase in any group (Fig. 2E, F) .
Baseline quantity and frequency of myogenin+ myonuclei
The quantity and frequency of myogenin+ myonuclei per all myofibre was not different at baseline between groups (Fig. 3A, D) . In addition, when expressed per fibre type, the quantity and frequency of myogenin+ myonuclei did not differ at baseline between groups, neither (Fig. 3B , C, E, F).
Acute increases in quantity and frequency of myogenin+ myonuclei
The quantity of myogenin+ myonuclei per all fibre type remained unchanged in the WBV and BFR group (Fig. 3A) . Therefore, the quantity of myogenin+ myonuclei per all fibre type did not change in these groups. By contrast, the quantity of myogenin+ myonuclei per all fibre type increased in the WBVBFR group (P < 0.001; Fig 3A) . The quantity of myogenin+ myonuclei per all fibre type was different between groups (P = 0.011 for WBVBFR vs. WBV and P = 0.006 for WBVBFR vs. BFR; Fig. 3A) . Furthermore, when expressed per fibre type, the quantity of myogenin+ myonuclei increased in the WBVBFR group only [P < 0.001 and P < 0.001, for MyHC-1 (Fig. 3B ) and MyHC-2 ( Fig. 3C) , respectively]. The frequency of myogenin+ myonuclei per all fibre type in the WBV and BFR group did not change ( Fig 3D) . The frequency of myogenin+ myonuclei per all fibre type increased in the WBVBFR group only (P < 0.001; Fig. 3D ). The increase in quantity of myogenin+ myonuclei per all fibre type was different between groups (P = 0.048 for WBVBFR vs. WBV; Fig. 3D ). In the WBVBFR and BFR group, the frequency of myogenin+ myonuclei increased for MyHC-1 and (Fig. 3E, F) .
Discussion
This study provided evidence that a single bout of WBV exercise did affect neither SC quantity nor the number of myogenin+ myonuclei 24 h post exercise in recreationally trained young men.
Similarly, BFR exercise did not elicit either activation or differentiation of SC. In contrast, SC quantity was increased 24 h after a single bout of WBVBFR exercise and a concomitant increase in the number of myogenin+ myonuclei occurred.
The MND, which was below the proposed ceiling size of approximately 2000 µm 2 (Petrella et al.
2006)
was not different between groups at baseline. Consequently, it is unlikely that the facilitated increase in SC quantity, which occurred exclusively in the WBVBFR group, was attributed to baseline differences in the potential to expand the MND. Notably, no between-group differences in SC quantity were observed, despite between-group differences in muscle fibre type distribution. In fact, the proportion of MyHC-1 fibres was higher for BFR than WBV at baseline, yet SC quantity was similar. Our data do not support the notion that MyHC-1 fibres have more SC than MyHC-2 fibres but instead lend further credence to the results of Kadi et al. 2006 , which concluded that SC distribution in human vastus lateralis is not dependent on fibre type composition.
It can also be excluded beyond reasonable doubt that between-group differences in the myogenic potential dictated the observed between-group differences in SC proliferation and differentiation after acute exercise in this study. between-group differences in baseline SC quantity in this study supports the notion that the SC quantity in recreationally trained muscle is tightly regulated and thus, held fairly constant in steadystate conditions (Dhawan & Rando, 2005) . Similar to SC quantity, the number of differentiating SC (myogenin+ SC) was equal for all three groups at baseline, too. As no group differences were found at baseline for this marker of differentiation, it is unlikely that group differences in cell cycle progression could explain the group difference in the response to acute exercise. Values are means ± SD for three groups of young active men performing either a static half-squat standing on a sidealternating vibration plate (WBV: n = 8), a static half-squat under blood flow restriction conditions without vibration (BFR: n = 9), or a static half-squat standing on a side-alternating vibration plate under BFR conditions (WBVBFR: n = 8). 
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